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conception, although trisomy (and monosomy) for most chromosomes is
invariably lethal to the embryo. The cause of the increase in trisomy
with advancing maternal age has focused on differences between male and
female gametogenesis. In the female, oogonial mitoses occur during fetal
life, and maturation of eggs proceeds to the dictyotene stage, where it is
arrested until the time of ovulation. Eggs in a 40-year-old woman have
been at this stage for twice as long as in a 20-year-old woman. In contrast,
male gametogenesis continues without interruption from puberty to death.
Changes in chromosome number can also occur in somatic cells, although
the frequency is difficult to estimate because of selection against monosomic
and trisomic cells. However, in cancer cells such changes are common.

A second class of chromosomal abnormality is the chromosomal break.
When a chromosome break occurs in the cell cycle before DNA replication
(Gl or early S phase), it will be observed at the following mitosis as a
chromosome break (both chromatids are broken). If the break occurs later
in the S phase or in the G2 phase, it will be observed as a chromatid break.
For each such break that is observed, there may be many others that rejoin
and are not observed. Single breaks, both chromosomal and chromatid, are
readily induced by ionizing radiation, and their number increases linearly
with dose.

A third class of visible chromosomal abnormality is the structural re-
arrangement, which embraces unstable forms, such as rings and dicentrics,
and stable forms, including interstitial deletions, inversions, and translo-
cations. These result from the inappropriate joining of two breaks at
different sites. The number of these aberrations is generally proportional
to the square of the x-ray dose, since two events are necessary. However,
there is also a linear component, because a single densely ionizing tail of a
particle track can produce both events, so that a linear-quadratic equation
more properly describes the dose-response relationship (see Figure 1-6).
At low doses only the linear term dominates. Neutrons, on the other hand,
because they are more densely ionizing particles, often produce two breaks
as the result of a single event, so the dose-response relationship is more
nearly linear. At low doses, neutrons are much more biologically effective;
i.e., the RBE of neutrons relative to that of x rays is significantly greater
than unity.

The frequency of two-break aberrations in human lymphocytes ir-
radiated in culture approximates 0.1 aberration per cell per Sv in the
low-to-intermediate dose range (L181). The frequency of such aberrations
is increased correspondingly in radiation workers, as well as in accidentally
or therapeutically irradiated persons, in whom it may serve as a biological
dosimeter (L181; IAEA86). Since chromosome aberrations are preponder-
antly deleterious to the cells in which they occur, the affected cells tend to
be gradually eliminated with time.